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LONG-TERM GOAL

Completion of a system using VLF remote sensing to map ionospheric changes due to lightning
induced disturbances. This system, covering much of North Americaymwin real time and

provide two-dimensional ionospheric profile information on the web.

SCIENTIFIC O BJECTIVES

Recently, VLF remote sensing has emerged as arpaweol for the imaging of ionospheric
disturbances. In particular, the strip holograpgshnique (e.g., Chen, et,dRadio Science, vol.

31, p.335, 1996) is a method by which the relative amplitude and phase changes at a series of
VLF receivers are combined to yield a volumetpiofile of the sattering regn. Previous

studies have been done for certain cases where a storm happened to pass through the junction
between two transmitter-receiver paths, but the strip hglbgraimulation supposed that an

array of appropately spaced receivers would be able to imageithiahces over a wider range

of land area. With this array now operating in the field, these past techniques and models will be
applied towards the new data in thepe of improving the understanding of the occurrence
distribution and characteristics @niospheric disturbances, working toward a system which will

be able to image these disturbances in near real-time.

By deploying appropaitely spaced receivers (see Figliyethe area above midwestern storms is
covered with a fine grid to estimate the scattered electromagnetic field due to a locoized
ionospheric disturbance. Thesmatered field estimates are then compared with magnitude and
phase change of an ionospher@atsering regn. VLF strip holography has been shown to
determine thénorizontal extent and shape of the D-region disturbance using a three-dimensional
numerical model of VLF propagation in the Earth-ionosphere waveguide

APPROACH

The strip holography inversion requires that theeivers be placedpproximately

100km apart in order to image the disturbances. Onceae parobust hardware and
software package enables sensitive measurements of amplitude and phase, and then
stores these measurements on tape or transmitts them back to Stanford over the
Internet. At Stanford, ata archives on CDROM preserve the high resolution data
while low resolution data remains available on the HAIL website.



Form Approved

Report Documentation Page OMB No. 0704-0188

Public reporting burden for the collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and
maintaining the data needed, and completing and reviewing the collection of information Send comments regarding this burden estimate or any other aspect of this collection of information,
including suggestions for reducing this burden, to Washington Headquarters Services, Directorate for Information Operations and Reports, 1215 Jefferson Davis Highway, Suite 1204, Arlington
VA 22202-4302 Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to a penalty for failing to comply with a collection of information if it
does not display acurrently valid OMB control number

1. REPORT DATE 3. DATES COVERED
30 SEP 1997 2. REPORT TYPE 00-00-1997 to 00-00-1997
4. TITLE AND SUBTITLE 5a. CONTRACT NUMBER

A Holographic Array for lonospheric Lightning (HAIL) Research £b. GRANT NUMBER

5c. PROGRAM ELEMENT NUMBER

6. AUTHOR(S) 5d. PROJECT NUMBER

5e. TASK NUMBER

5f. WORK UNIT NUMBER

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8. PERFORMING ORGANIZATION
Stanford University,Department of Electrical Engineering,VLF REPORT NUMBER
Group,Stanford,CA,94305

9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSOR/MONITOR’'S ACRONYM(S)
11. SPONSOR/MONITOR’ S REPORT
NUMBER(S)

12. DISTRIBUTION/AVAILABILITY STATEMENT

Approved for public release; distribution unlimited

13. SUPPLEMENTARY NOTES

14. ABSTRACT

15. SUBJECT TERMS

16. SECURITY CLASSIFICATION OF: 17. LIMITATION OF 18. NUMBER 19a. NAME OF

ABSTRACT OF PAGES RESPONSIBLE PERSON
a REPORT b ABSTRACT c THISPAGE Same as 5
unclassified unclassified unclassified Report (SAR)

Standard Form 298 (Rev. 8-98)
Prescribed by ANSI Std Z39-18



Office of Naval Research Space and Remote Sensing

1997 Annual Report

WORK COMPLETED

During the Spring and summer of 1997, the HAIL group cetepl the following
project tasks:

1. Development of new 16 bit data acquisition interface;
2. Construction of appromtefront end electronics for signal conditioning;

3. Integration of GPS timinghformation into data acquisition for preciseihg and
phase reference;

Development of LMS algorithm for time domain phase estimation;
Incorporation of the above algorithms into realtime user friendly software;
Design and competion of custom ftp client fatal transmission;

Web server set up to make data available tqthmic;

© N o g bk

Educationahyperlinked science essays with animations and a custom Java data
browser for inteaction with high skool students;

9. Custom Matlab library writtefor high resolution dta analysis;

10. Five sets of electronics andtad acquisition systems built and deployed; and
11.0ngoing data analysis and CDROM archiving.

An overview of the new Narrowbandaeiver is shown in Figure 2.

RESULTS

Numerous VLF events are now measured weekly, in both amplitude and phase, at all the
deployed sites. Using the high resolution data, we have identified both early/fast and LEP events.
The size of the events appears to be consistant with predicted scattering patterns. However, the
resulting data shows that Trimpi events occur with a much higher rate than previously observed.
Because of the variation in event size across the &nm@y an event only at ondadion, to an

event of the same size at all 5 stations),10@km array spacing estate appears tooofirm the
expected lateral extent of the dirstubance. For the first time, a linear array of receivers shows
examples of constructive and destructive interference sampled at the right spacing. Tieendata

the array is now being used to more carefully determine the sizgrafie of the disturbed
ionosphericprofile.
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IMPACT/APPLICATION

A major application of the HAILproject is to use simultaneous high resolution
measurements of VLF subionospheric signals at dueivers to assess the spatial
distribution of ionoshperic disturbances in real time. The HAIL digéaéiver can be
easily integrated with several software modelprtwvide real time information about

the ionosphere. For example, the next goal is to iateghe HAIL software with the
multiple mode three dimensional model of VLF propagation in the earth-ionosphere
waveguide in the presence of localised D region disturbances, to provide a real time
two dimensional ionospheric profile over much of North America. Another
application is to use the VLF amplitude and phase measurements made by HAIL
digital receivers stationed over North America, to determine the positionrofah
electrojet in real time. The HAIL receiver has enabled preciserdieg of a large
number of events associated witbnaspheric disturbances due to lightning
discharges, with maximum signal to noise ratio, made possible by better signal
processing techniques and beftent-end electronics.

TRANSITIONS

The HAIL software will be used in project for monitoring the Auroral Ectrojet.

All future narrowbandeceivers are planned to upgrade to this more sensitive digital
demodulation. In addition, the front-end electronidsalso be used as a part of the
future systems. An extension for the hardware whidhbs capable of storing the
broadband VLF dectly, is airrently in the design phase.

Since our acquisition takesagle during the night time, during the day high school
students utilize the PentiuB®@OMHz computers to look at thaté on the Internet.

RELATED PROJECTS

“Characterizatnn of the Auroral Electrojet and the Ambientand Modified D-Region
for HAARP Using Long-Path VLF Diagnostics”

“Global Thurnderstorm Activity and Its Ef€ts on the Radiation Belts and the Lower
lonosphere”
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Figure 1. Deploying Appropaitely Spaced Receivers
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Figure 2. New NarrowbandeReiver



